Objective: This study aimed to analyze the effects of maternal weight on adverse pregnancy outcomes. Methods: Data were retrospectively collected from a hospital in Wuhan, China. A total of 1593 pregnant women with singletons were included. Adverse outcomes during pregnancy, such as small for gestational age (SGA), large for gestational age (LGA), and hypertensive disorders in pregnancy (HDP) were analyzed. Results: The risks of low birth weight, SGA, and preterm birth were significantly higher in the inadequate gestational weight gain (GWG) group compared with the adequate GWG group. GWG over the guidelines was related to a higher risk of macrosomia, LGA, cesarean section, and HDP than GWG within the guidelines. The risks of low birth weight (OR ¼ 5.082), SGA (OR ¼ 3.959), preterm birth (OR ¼ 3.422), and gestational diabetes mellitus (OR ¼ 1.784) were significantly higher in women with a normal pre-pregnancy body mass index (BMI) and inadequate GWG compared with women with a normal pre-pregnancy BMI and adequate GWG. The risks of macrosomia (OR ¼ 3.654) and HDP (OR ¼ 1.992) were increased in women with normal prepregnancy BMI and excessive GWG. Conclusion: Women with an abnormal BMI and inappropriate GWG have an increased risk of adverse maternal and infant outcomes. Weight management during the perinatal period is required.
Background
A peculiar phenomenon that two separate individuals (mother and fetus) have a mutually interactive dependency concerning their respective weight has been reported and intensively investigated. 1 Many researchers have concluded that appropriate prepregnancy body mass index (BMI) and weight gain during pregnancy are important for pregnant women and their offspring. [2] [3] [4] Increased pre-pregnancy maternal insulin resistance and accompanying hyperinsulinemia, inflammation, and oxidative stress appear to account for early placental and fetal dysfunction. 5 Unfortunately, accurate mechanisms of adverse perinatal outcomes affected by pre-pregnancy BMI and weight gain are unclear. Notably, the BMI is increasing in developed countries, as well as in some developing countries, and is increasingly becoming a worldwide health problem. 6, 7 Some researchers have suggested that the incidence of overweight/obesity in pregnant women is as high as 30%. Approximately 40% of women gain excessive weight during pregnancy in Western countries. 8 However, gestational weight gain (GWG) is also increasing globally. 9, 10 Maternal pre-pregnancy weight and GWG are major contributors to pregnancy and fetal health. 11 Excessive and insufficient maternal pre-pregnancy weight or GWG have a profound effect on pregnancy outcomes, such as macrosomia, cesarean delivery, gestational diabetes (GDM), small for gestational age (SGA), and large for gestational age (LGA). 12, 13 Therefore, how to predict and effectively control the pre-pregnancy BMI and GWG have important clinical significance and social value, and they are the focus of maternal and child health work.
The Institute of Medicine (IOM) updated the GWG guidelines in 2009 to effectively manage maternal weight and weight gain. 9 Although the undated guidelines verified the relationships between perinatal outcomes and maternal weight, these results were based on a lower general population BMI with limited ethnic diversity.
14 Notably, Asian women often have a lower BMI and smaller GWG than do European and American women. 6, 7, 15 Chinese women may be the leanest population. However, the prevalence of overweight and obesity in China is quickly increasing with its opening-up policy for promoting cultural exchange and economic development. 15, 16 An increasing amount of women are enjoying the Westernized diet and lifestyle. 16, 17 The prevalence of obesity increased from 3.1% to 6.1% from 1992 to 2002 in China. 18 However, there is still no official recommendation of GWG for Chinese pregnant women, and recent data on maternal pre-pregnancy BMI and GWG are rare. 19 Therefore, in the present study, we collected current data of maternal weight to analyze the effects of maternal weight on the incidence of pregnancy outcomes in Wuhan, China.
Material and methods

Study population
In this study, we retrospectively analyzed medical records in the Department of Obstetrics, Maternal and Child Health Hospital of Hubei Province, Wuhan, China. Eligibility criteria included the following: singleton pregnancy, primipara, older than 18 years old, spontaneous conception, no pre-existing diabetes mellitus or HIV infection, and no illicit drug use. From 1 January 2016 to 31 March 2016, 1593 women met the eligibility criteria. The research protocol for this study was approved by the Medical Ethics Committee of the Maternal and Child Health Hospital of Hubei Province. We only retrospectively extracted data on the patients' weight and other basic information. We did not affect treatment decisions and the patients were not adversely affected. Therefore, we did not obtain written consent from each patient.
Data collection and evaluation
All useful information was retracted from the clinical records. Women included in this study were categorized by the recently developed Chinese BMI standard as follows: underweight (BMI <18.5 kg/m 2 ), normal weight (BMI !18.5 kg/m 2 and <24.0 kg/m . Maternal GWG was recorded as the weight gain from pre-pregnancy to the time just before delivery. Three categories of inadequate, adequate, and excessive GWG were defined according to the updated IOM guidelines. 20 Details of these categories are shown in Table 1 . Because there were only 18 women with obesity, we integrated overweight and obese into one group (BMI !24.0 kg/m 2 ).
Assessment of outcome
The primary outcome of this study was to assess the factors that affect pre-pregnancy BMI and GWG, and their effects on maternal and neonatal outcomes. A prenatal examination was defined as when pregnant women visited the hospital regularly for a maternity examination. The pregnancy outcomes included low birth weight ([LBW] <2500 g), macrosomia (!4000 g), SGA, LGA, the characteristic of amniotic fluid, hypertensive disorders in pregnancy (HDP), preterm birth, GDM, and cesarean section. SGA and LGA were defined as those newborns whose birth weight was <10th percentile and >90th percentile for gestational age, respectively. SGA and LGA were determined by the Chinese criterion. 21 
Statistical analysis
Descriptive characteristics of variables are expressed as means and frequencies. Categorical variables were analyzed using the chi-square test. Logistic regression models were used to assess the risk of adverse pregnancy outcomes by calculating odds ratios (ORs) and 95% confidence 
Results
Baseline characteristics of the study population
The sociodemographic characteristics of women who were included in this study are shown in Differences in maternal age and gestational age among pre-pregnancy BMI groups were significant (all P < 0.05). The proportion of mothers who were older than 30 years in the overweight group was significantly higher than that in the other groups (P < 0.001). Women with a high education were more likely to have a normal pregnancy weight than those in the other groups (P ¼ 0.02). Differences in birth weight and fetal growth among the pre-pregnancy BMI groups were significant (all P < 0.05). Additionally, the incidence of GDM among the pre-pregnancy BMI groups was significant, with the highest incidence in the overweight/obese group (P < 0.001). As expected, the rate of cesarean section among the pre-pregnancy BMI groups was significant, with the highest rate in the overweight/obese group (P < 0.001). Maternal pre-pregnancy BMI had no significant effects on prenatal examinations, preterm birth, HDP, and amniotic fluid.
The mean GWG was 17.2 AE 4.9 kg. Women with an advanced maternal age were more likely to gain inadequate weight (P ¼ 0.032). Gestational age at delivery was significantly different among the GWG groups in which maternal GWG was significantly associated with a shorter gestational age (P < 0.001). The proportion of pregnant women with a low education in the inadequate GWG group was higher than that in those in the adequate and excessive GWG groups (P < 0.01). The incidence of preterm birth (<37 weeks) significantly decreased from the inadequate GWG group to the excessive GWG group (P < 0.05). Furthermore, differences in LBW, SGA, GDM, and HDP were significantly different among the groups (all P < 0.05).
Effects of pre-pregnancy BMI and GWG on pregnancy outcomes
Variables with significant differences among the pre-pregnancy BMI and GWG groups were included in further analysis. The relationships between abnormal prepregnancy BMI and adverse pregnancy outcomes are shown in Table 3 . The risks of macrosomia (OR ¼ 0.387, 95% CI: 0.209-0.720), LGA (OR ¼ 0.511, 95% CI: 0.349-0.747), GDM (OR ¼ 0.57, 95% CI: 0.363-0.895), and cesarean section (OR ¼ 0.66, 95% CI: 0.523-0.831) were significantly lower in the underweight group compared with the normal weight group (all P < 0.05). The risks of GDM (OR ¼ 2.229, 95% CI: 1.444-3.632) and cesarean section (OR ¼ 1.617, 95% CI: 1.113-2.349) were significantly higher in the overweight/obese group compared with the normal weight group (both P < 0.05).
The risks of LBW (OR ¼ 4.428, 95% CI: 2.410-8.134) and SGA (OR ¼ 3.543, 95% CI: 1.986-6.320) were significantly higher in the inadequate GWG group compared Distribution and heterogeneity of the study population (GWG according to pre-pregnancy BMI category)
In this study, more than 50% of women had excessive weight during the pregnancy period. The percentages of women with adequate GWG and inadequate GWG were 35.5% and 10.7%, respectively. The rate of women who gained optimal weight significantly varied by pre-pregnancy BMI, with the highest percentage in the underweight group and the lowest in the overweight/ obese group (P ¼ 0.001). Most women in the normal weight and overweight/obese groups had excessive GWG ( Table 4) . The distribution of the study population is shown in Table 5 . A synergistic reaction between pre-pregnancy BMI and GWG was observed. Women in the underweight group who had inadequate GWG showed the highest incidence of LBW, SGA, and preterm birth among the groups (all P < 0.01). The incidence of LBW, SGA, and preterm birth in the whole study population was 4.4%, 4.8%, and 3.8%, respectively. Women in the overweight group who gained excessive GWG showed the highest incidence of LGA and cesarean section among the groups. The incidence of LGA and cesarean section in the whole study population was 14.5% and 50.9%, respectively. However, even for women who had adequate GWG, the prevalence of adverse pregnancy outcomes was significantly different among the pre-pregnancy BMI groups, including LBW, macrosomia, LGA, SGA, GDM, and preterm birth (all P < 0.001). Therefore, the study population showed heterogeneity either by prepregnancy BMI or GWG categories. Additionally, an antagonistic effect was observed. The incidence of preterm birth was 11.1% in women with inadequate GWG in the underweight group, and was lower with adequate (4.7%) and excessive (1.2%) GWG in the underweight group. This trend was similar for macrosomia, LGA, SGA, and preterm birth. Therefore, weight gain during pregnancy can balance the risk of abnormal pre-pregnancy BMI.
Combined effects of pre-pregnancy BMI and GWG on adverse pregnancy outcomes
In underweight pregnant women, inadequate GWG was significantly associated Table 5 . Distribution of the study population. (Table 6 ). These results are slightly different from those in Table 3 , which showed that excessive GWG was significantly associated with adverse outcomes. 1.027-3.866) were significantly higher in women with normal weight and excessive GWG compared with women with normal weight and adequate GWG (all P < 0.05). However, the risk of GDM (OR ¼ 0.563, 95% CI: 0.360-0.881) was significantly decreased with normal weight and excessive GWG (P ¼ 0.012). Because some subgroups in the overweight/obese group had no adverse pregnancy outcomes, we were unable to evaluate the combined effects in overweight women. For overweight women, excessive GWG was significantly negatively associated with GDM (OR ¼ 0.196; 95% CI: 0.071-0.536).
Discussion
The IOM recommendations regarding GWG were developed in 1990. To be 
(7.5)
P values in bold indicate that the difference was significant. LBW: low birth weight; SGA: small for gestational age;
LGA: large for gestational age; GDM: gestational diabetes mellitus; HDP: hypertensive disorders in pregnancy. OR: odds ratio; CI: confidence interval; SGA: small for gestational age;
LGA: large for gestational age; GDM: gestational diabetes mellitus; HDP: hypertensive disorders in pregnancy.
more effective, the updated IOM guidelines in 2009 incorporated information on BMI and recommended GWG for different women. 20 Although many studies have evaluated the clinical applicability of IOM recommendations during the previous 10 years, the relationship between GWG that is consistent with the IOM guidelines and pregnancy outcomes is unclear. 22 Many of the findings vary by countries and ethnic diversity. 22, 23 This study was performed to examine the relationships among prepregnancy BMI, GWG, and pregnancy outcomes for Chinese pregnant women.
IOM weight gain recommendations have been criticized by Asian scholars (Chinese, Koreans, and Japanese) as being ill-adapted for Asian women.
14,22 However, we wanted to test these recommendations in our population. Notably, we performed this testing with an "adapted Asian IOM recommendation" because our definitions of overweight and obesity are different from the original definition (i.e., obesity: !28 kg/m , the IOM recommendation is a weight gain of 11.5-16 kg. In our population, the mean GWG was 17.8 kg. Therefore, there appears to be a mismatch at low BMIs. However, we were able to analyze our results using this tool.
In the current study, 66.2% of Chinese women had a normal weight, and only 25.4% of women were underweight before pregnancy. Because the criterion of overweight and obesity for Chinese women is lower than World Health Organization recommendations, pregnant women with obesity in China are relatively uncommon. Our results are optimistic because a normal BMI is the primary factor in achieving good pregnancy outcomes. However, the rate of adequate GWG is too low (35.5%). Excessive GWG was observed in most normal weight women (55.0%) and in those who were overweight/obese (79.1%). These findings indicate that weight management during the perinatal period is required in China.
Neonatal birth weight is not only an important indicator of nutrition during pregnancy, but also reflects the intrauterine environment exposed by the fetus. 24 This predictive factor includes four primary variables: LBW, macrosomia, LGA, and SGA. 25 This study showed that mothers with a low BMI appeared to have a lower risk of delivering a neonate who was LGA and had macrosomia than mothers with a normal BMI. Additionally, mothers who had an inadequate weight had a higher risk of delivering a neonate with LBW and SGA, even if the pre-pregnancy BMI was normal. A study from Japan that included 1336 women also showed that pregnant women who were underweight before pregnancy were independently associated with delivery of LBW infants. 26 A systematic review showed that pregnant patients who obtain inadequate weight compared with the IOM recommendations have a higher odds of SGA and lower odds of LGA than GWG within the guidelines. 13 Macri and her colleagues highlighted pre-pregnant BMI and excessive GWG as independent risk factors for LGA and macrosomia. 27 However, their study was performed in women with gestational diabetes, not in the general population, as in the present study. When combined with an inadequate pre-pregnant BMI, excessive GWG is a synergistic risk factor for poor outcome. Many studies have shown that when obesity occurs, an optimal GWG can guarantee a better pregnancy outcome. 10 Apart from neonatal birth weight, other adverse pregnancy outcomes are commonly evaluated, including HDP, GDM, preterm birth, and cesarean section. 12, 28 Several epidemiological studies have shown that BMI, GWG, anemia, and lower education are convertible risk factors for these adverse outcomes. 29 In this study, the prevalence of HDP, preterm birth, and cesarean section was 4.8%, 3.8%, and 50.9%, respectively. Additionally, mothers in the overweight/obese group or excessive GWG group were more likely to have HDP and cesarean section. Mothers in the inadequate GWG group had a higher risk of having preterm birth. The mechanism for this finding could be that inadequate weight gain induces secretion of epinephrine and cortisol, which then results in an elevation in corticosterone-releasing-hormone and prostaglandin production. These are all key factors for premature delivery. Furthermore, impaired immunity and potential uterine infection may result from inadequate maternal nutrition. 30, 31 Another common complication during pregnancy is GDM, which is diagnosed in >8.3% of pregnancies worldwide. The rate of GDM in this study was 10.2%. Increasing BMI appears to account for an increased prevalence of GDM in the USA. 32 Interestingly, we found that mothers with a high prepregnancy BMI were more likely to have GDM, and the risk of GDM was significantly lower in the excessive GWG group compared with the adequate GWG group. Additionally, the effect of GWG on GDM was stronger than that of pre-pregnancy BMI. Previous studies on the role of GWG in GDM are contradictory. 33, 34 These contradictory results may be attributed to dietary regulation and exercise of pregnant women after being diagnosed with GDM. [35] [36] [37] In this study, many pregnant women gained more weight than that recommended by the IOM guidelines, especially for women who were overweight and obese. The effects of GWG on adverse pregnancy outcomes were stronger than those of prepregnancy BMI. We urgently need to improve management of GWG of pregnant women in China, especially to prevent excessive GWG. However, the combined effect of pre-pregnancy BMI and GWG on birth weight of newborns should also be considered. Guiding individualized GWG when the pregnancy weight is known would be helpful. We also identified some controllable risk factors of prepregnancy and GWG, such as conception age, education, and prenatal examinations. Conception age is a risk factor of abnormal GWG. 38, 39 More women with a high education appeared to have a normal pregnancy weight than women with a low education. This finding could have resulted from better economic factors in women with a high education. 17 Although patients with advanced maternal age are notable, more attention should be paid to women older than 30 years or younger than 25 years in terms of weight control. The dietary schedule should be evidence-based and pluralistic. 31 In conclusion, this study shows that abnormal maternal weight and inappropriate GWG are related to an increased risk of adverse perinatal outcomes. Distinguishing pregnant women at risk of adverse pregnancy outcomes by using current BMI and GWG classifications is of clinical value. GWG should be the top priority in gestational weight management. Furthermore, more research should focus on the requirement for GWG standards suited to Chinese characteristics. There are specific Chinese birthweight curves for neonates. 21 Therefore, with knowledge of the 10th percentile (SGA) and the 90th percentile (LGA) of newborns, we could test the proposed "maternal-fetal-corpulence symbiosis", which was recently proposed by Robillard et al., 1 in the future.
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